The majority of Miers's long list of published papers were devoted to crystallo graphy, and the most conspicuous among them was perhaps the memoir which was issued in our Philosophical Transactions forty years ago under the title of 'An enquiry into the variation of angles observed in crystals'. By studying crystals during their actual growth, with the help of a novel form of goniometer, Miers showed th at the small variations in the recorded interfacial angles of crystals were not mere 'imperfections of nature', but were due to the alternating growth of vicinal faces strictly in accordance with the fundamental law of rational indices, although they differed widely from the commonly recognized axial ratios.
Miers's remarkable flair for administration, rendered easy and acceptable to colleagues by his generous and genial nature, resulted in frequent interruptions of his dominant enthusiasm for teaching and research, the two most serious of these being seven years spent as Principal of the London University and a similar period as Vice-Chancellor at Manchester. The latter part of a happy life of 84 years, devoted unselfishly to the public interest, was occupied with con structive surveys of public museums and libraries in this country, Canada, the United States, continental Europe and South Africa. He was knighted in 1912.
enthusiasm of the day, and his research work-much of it of great and permanent value-centred round the morphology of various supposedly 'primitive' types.
First came
Amphioxus, which Kovalevsky's embryological investigation shown to be undoubtedly allied to the vertebrates; then other relatives, the Ascidians, greatly degenerate as a result of leading a motionless sessile existence; and those strange worms the Enteropneusta, for which Bateson had claimed vertebrate affinity. Later came Willey's great expedition to the East Indies in search of embryos of the pearly Nautilus, fruitless as regards its main quest but yielding a rich store of rare and interesting marine animals which provided the material for a long series of important publications. As teacher in Columbia University, as Head of the Colombo Museum, and finally as Professor of Zoology at McGill, Willey everywhere rendered able and faithful service. He was elected to our fellowship in 1902.
Charles Tate R egan , late Director of the British Museum (Natural History) and an ichthyologist of world-wide reputation, entered the British Museum in 1901 as assistant to G. A. Boulenger and, after a short time, was put in sole charge of the Fish Department. During the succeeding thirtyseven years he served the Museum in posts of increasing importance and eventually, in 1911, became Director, retiring in 1938 at the age of 60.
Tate Regan held strong views on museum organization, being a consistent advocate, both before and after he became Director, of the paramount importance of the research side of the Museum's activities. Throughout his working life he acted up to this ideal and himself carried out a large volume of research of high value on the classification of fishes. His first major work (a monograph of the Loricariidae) was published in 1904. Similar revisions of other families of fishes, extensive studies of larger groups, reports of the results of expeditions to various parts of the world, and shorter papers on new genera and species (totalling in all more than 250 separate publications)-these followed one another in unbroken sequence and steadily built' up his reputation as one of the leading systematic ichthyologists of the day. He was elected a Fellow in 1917.
By the death of Alexander Russell the Society loses an applied mathematician who gave almost his whole attention to the mathematical solution of problems arising in electrical engineering. He obtained his mathematical education at the University of Glasgow, and at Caius College, Cambridge. As a young man he joined the staff of Faraday House, a London College established for the training of engineers by thoroughly practical methods. His published scientific papers nearly all deal with what may be called the geometry of the fields of force associated with electrified conductors, or conductors carrying electric currents. He derived a number of much-used formulae for the self-and mutual inductances of electric cables, and for the electric capacity of conductors such as nearly concentric spheres, or spheres nearly or just in contact. He has put on record a number of unexpected results, such as the theorem that, in the case of a 'concentric5 main, there is no mutual inductance coefficient between outer and inner conductor^ when their axes are not coincident. He was for many years Principal of Faraday House, and was a past President of the Institution of Electrical Engineers and of the Physical Society. He was elected a Fellow in 1924.
Clinton Coleridge Farr , born at Adelaide, made valuable con tributions to many branches of physics, among which may be mentioned hightension insulation, electric charges in the open air, seismograms, the porosity of porcelain and the viscosity of sulphur. But he will chiefly be remembered for the complete magnetic survey of New Zealand and the outlying islands and for the magnetic observatory established by him at Christchurch, N.Z. His first post, th at of Lecturer in the University of Sydney (1891-1895), was followed by an appointment to lecture on electrical engineering in the University of Adelaide. From 1898 to 1904 he was engaged on the magnetic survey of New Zealand. The remainder of his active life was devoted to the University of New Zealand, where he was appointed Lecturer (1904) and Professor of Physics (1910-36) was Director of Fuel Research to the Department of Scientific and Industrial Research. To his perseverance and enthusiasm was largely due the growth of the National Coal Survey, until it included 98 % of the coal in the United Kingdom. He had a very wide knowledge of the characteristics of British coals, and his efforts made an important contri bution to their proper utilization. As Lecturer in Applied Chemistry at the Manchester College of Technology he made many investigations on coal, par ticularly on the formation of cenospheres. He helped to found the Lancashire and Cheshire Coal Research Association, and to develop the methods used in the coal survey. As Superintendent of the Survey and Director of Fuel Research he was responsible for many investigations on the breaking of coal, coal cleaning, carbonization, hydrogenation, etc. He was a distinguished servant whom the state could ill afford to spare. He was elected a Fellow in 1938.
Sidney Gerald B urrard entered the Royal Engineers in 1879. He went to India in 1882 and in 1884 joined the Survey Department. He was posted to the Trigonometrical Branch in which he was to have so distin guished a career. For the first years of his service he was engaged on astro nomical determinations of latitude and longitude. In the years 1894-6 he was one of the two observers engaged on the redetermination of the longitude of India, starting from the Prime Meridian at Greenwich and carrying the work across Germany, Russia, Persia and the Persian Gulf. His greatest work, namely, the investigation of the causes of deflexions of the plumb-line, had been going on for several years and was given to the world in 1901 when he published the paper called 'The attraction of the Himalaya Mountains on the plumb-line in In d ia'. This paper changed the ideas th at had been held for half a century and led to a great renewal of interest in geodetic research, showing, as it did, that much light on the structure of the earth's crust could be derived from a study of plumb-line deflexions. In 1911 Burrard was appointed Surveyor-General of India and became a worthy successor of Everest and J. T. Walker. In 1914 he was created K.C.S.I.
Burrard came of a family of Norman origin which had concentrated near Lymington about the end of the fourteenth century and had remained there for five centuries. In 1769 the then head of the family, who had been M.P. for Lymington for 44 years, was made a Baronet. In 1933 this title was inherited by Sir Sidney from a cousin, and he thus became the seventh Baronet.
Since scientific research became a specialized occupation, it has been less common for amateurs of science to be elected as Ordinary Fellows of the Society. E dward H eron-Allen belonged to the legal profession by birth and training, and his firm practised for a number of years as Parliamentary Agents on behalf of the City of Westminster. Throughout his life, however, most of his interests and activities were concerned with other subjects than the law. In his leisure time he became a skilled violin maker and wrote a treatise on the history of violin construction. Another of his recreative interests was Persian literature. As a naturalist, Heron-Alien concentrated attention for many years upon the collection and study of fossil and living Foraminifera. As a result of his own experience he published, fifty years ago, a paper on the cretaceous Foraminifera which became the leading practical guide on the technique of preparation, in the study of fossil forms of the Order. From 1907 to 1933 he was associated with Mr Arthur Earland in the collection and description of many species of these simple organisms, the range of which in time and space is very remarkable.
In 1925, Heron-Alien presented to the British Museum (Natural History) the whole of his collection of Foraminifera, in which many other notable collections had been included, and his extensive library relating to the order. He accepted the post of Honorary Curator at the Museum. He was elected a Fellow in 1919. E dwin J ohn Bijtler studied at Queen's College, Cork, in medicine and in botany. After holding a travelling scholarship in botany, he served in India for nineteen years, first as Cryptogamic Botanist to the Government (1901), than as Imperial Mycologist (1905) , Joint Director of the Agricultural Experiment Station, Pusa (1919) and Agricultural Adviser to the Government (1920). During his Indian career he established a great reputation both in original research and in administration; and, owing to the immense area covered, from the temperate north-west to the tropical south, he gained an unrivalled experience of the plant diseases of crops grown under the most various conditions.
In 1920 he returned home to organize the Imperial Bureau of Mycology (now the Imperial Mycological Institute), and for fifteen years was its Director, and the Editor of the Review of Applied Mycology. During this time he largely in fluenced the co-ordination of plant pathology especially in the tropical parts of During the last ten years of his fife he turned his attention more especially to chemotherapy. His researches threw fight on the action of specific drugs and the phenomenon of drug fastness, and some of the most recent had opened up a com pletely new field of chemotherapeutic agelits, the diamidines, some of which have proved to be remedies of great value for kala azar, one of the most fatal and widespread of tropical diseases.' In the midst of this work, and knowing that he was stricken with a fatal malady, Yorke had begun to prepare a Croonian lecture which he was to have delivered to the Society, and accepted an arduous mission to the U.S.A., to co-ordinate research and other activities in regard to remedies of urgent importance for the war. His death has deprived the Liverpool School and British research in tropical medicine of a progressive and inspiring leader. He was elected a Fellow in 1932.
David Hilbert had been a Foreign Member since 1928, and was by general admission one of the greatest mathematicans of our time. He was professor at Gottingen from 1895 to 1932, and it was primarily to him that Gottingen owed the position which it occupied for many years as the first inter national centre of mathematics in the world.
There is hardly a branch of pure mathematics to which Hilbert did not make contributions of the first importance, and there are several which he transformed entirely. His greatest constructive work, in algebra, number theory, the founda tions of geometry, the calculus of variations, and the theory of integral equations, was done before 1914. Since then he had been primarily a logician, and it may be too early to pass a final judgement on his work in that field, but there is no doubt that a great deal of the logical activity of the last twenty years is the result of his ideas and inspiration. was one of the band of pioneers whom agricultural science was fortunate enough to attract at the time when public funds were beginning to be made available for its development. He came of a long line of good farmers in the north of Scotland and was deeply imbued with the spirit of the old agricultural improvers. He began his university career at Glasgow, where he studied engineering; then he went to Edinburgh to study agriculture. Later he had a distinguished career as Professor of Agriculture, first at Baroda, then successively at Aberystwyth, Newcastle, and Cambridge. He then joined the Ministry of Agriculture as Scientific Adviser, but in 1917, when the food situation in this country had become critical, he was put in charge of the technical side of the Food Production Department. Here he originated and was responsible for the ploughing-up policy which gave such admirable results then and now. Afterwards he joined the Development Commission and later became Chairman of the Agricultural Research Council. He played a great part in the development of agricultural education, research, and advisory activities in. this country. He was knighted in 1929 and was elected a Fellow in 1936.
Thomas Hudson Middleton
Karl Landsteiner , Member of the Rockefeller Institute for Medical Research, was born in Vienna and migrated to the United States in 1922. After taking a degree in medicine, he studied organic chemistry under Emil Fischer before beginning his life's work in bacteriology and immunology. This training had an influence on the methods and angle of his approach to the problems of immunity and enabled him to play a leading part in the development which has brought these problems into relation with more precise conceptions of chemistry and physics. In the field of investigation dealing with virus infections he was also a pioneer, in demonstrating the transmissibility of poliomyelitis to monkeys. His discovery of group differences in human blood was recognized by the award of a Nobel Prize in 1930. His book on The Specificity of Serological Reactions not only records the results of a long series of brilliant researches, but places them in their proper perspective in a wide field of biological and physico chemical ideas. He was elected a Foreign Member in 1941.
William R obert B o. usfield , barrister and man of science, was born at Bedford, where he attended the Modem School. He served an apprentice ship as an engineer, and then went to Caius College, Cambridge, where he won scholarships and took his degree as sixteenth wrangler in 1876. After lecturing on mathematics and engineering at Bristol, he was called to the Bar in 1880, and soon became known as a specialist in patent law. From 1892 to 1905 he was a Conservative Member of Parliament, but about 1902 he became interested in research and began a series of investigations, mainly on the theory of solution, partly in conjunction with the late T. M. Lowry.
Bousfield's researches dealt with osmotic pressure and allied phenomena, ioniza tion and the law of mass action, and especially with the sizes of ions. These sizes he estimated by assuming the ions to be spheres, and applying Stokes's law for the motion of a sphere in a viscous fluid. In order to account for the experimental data for binary electrolytes, it was necessary to suppose that ions are molecular aggregates composed largely of water, the sizes changing when temperature or concentration is altered. He was elected a Fellow in 1916.
Gerard Jakob de Geer was elected a Foreign Member in 1930. His great achievement has been the deciphering of a year-chronology back wards into a part of the earlier stone age. The first idea, which came to him in 1878, was based on the recognition of annual layers of growth in the ' varved ' clays of the Baltic, in which the laminae may be compared with the annual rings recognizable in trees of temperate regions. From then onwards to the end of his life, with the help of assiduous collaborators, every difficulty was overcome, every relevant fine of inquiry brought to aid, and the work extended to North America and other parts of the world. He was Professor of Geology in the University of Stockholm from 1897 to 1924, and then became Director of the Geochronological Institute of the University, established in that year for the new subscience which he had created, and which has added such unexpected precision to glacial geology. was born at Stepney, Barbados, and died at Upton, near Didcot, Berkshire. He was educated at Harrison College, Barbados, and University College, London (D.Sc. 1908). He was appointed to the Geological Survey of India in 1902, and retired with the rank of Superintendent in 1930. He then became a member of the Supernumerary Staff of the British Museum (Natural History).
H enry Gtjy Ellcock Pilgrim
Pilgrim's work can be divided into two main sections, as a geologist and as a palaeontologist. As a geologist he worked in the field in Persia and Arabia, and in the Tertiary regions of northern India. In the Persian Gulf region he established the sequence of formations from pre-Cambrian to Recent, whilst in India his researches on the fauna of the Siwaliks enabled him to subdivide this formation on the basis of its fossil vertebrates, and to lay down a classification, which, like that of the formations of the Persian Gulf, has been found trustworthy by later workers.
As a result of his studies of the vast vertebrate fossil faunas of the Siwaliks, Pilgrim became one of the most distinguished exponents of vertebrate palaeonto logy. His results are contained in a magnificent series of Memoirs published in the Palaeontologia Indica, and in Catalogues of the British Museum. Special mention may be made of his discovery in the Siwaliks of five new species and two new genera of fossil primates, of which Sivapithecus was the anthropoid closest phylogenetically to man, with the possible exception of Pithecanthropus and Eoanthropus. He was elected a Fellow this year, but had not been admitted.
Pieter Zeeman was born at Zonnemaire, a village in Zeeland. He studied physics under Kamerlingh Onnes and H. A. Lorentz at Leyden, where he afterwards became assistant in the Physics Institute.. In 1897 he went to Amsterdam, where he remained for the rest of his life; he was attached to the University first as lecturer and three years later as Professor of Physics. The well-known effect which bears his name brought him the award, jointly with H. A. Lorentz, of a Nobel Prize in 1902 for 'researches on the influence of magnetism on radiation phenomena'. The new discovery was published in papers on the influence of magnetism on the nature of fight emitted by a substance (1896) and on doublets and triplets in the spectrum produced by external magnetic forces (1897). He wrote many other papers on magneto-optics, developing the subject in detail. He was elected a Foreign Member in 1921, and awarded the Rumford Medal in 1922.
Geoffrey Thomas B ennett , for just fifty years a Fellow of Emmanuel College, Cambridge, has contributed to a wide range of mathematical subjects, ranging from the theory of numbers to the geometry of mechanism, which latter might be regarded as his special subject. Many of his contemporaries remember the help which he readily gave to mathematical problems arising in many different branches of science. During the 1914-18 war he worked on naval and anti-aircraft gunnery at Whale Island, and later at the Admiralty compass observatory at Slough. He made an extensive collection of mathematical models at Emmanuel College. He was elected a Fellow in 1914.
William Herbert Hatfield was a Sheffield man, and one of the earliest graduates in Metallurgy of the University of Sheffield, under Professor J. O. Arnold. His first industrial experience was in the steel works of Sir Henry Bessemer and Co., but later he went to Messrs Crowley's foundries, of which he became a director. Here he published his first original research, a study of the open-hearth process, jointly with Professor A. McWilliam. In 1916 he went to the Brown-Firth Research Laboratories, of which he was the active head until his unexpected death. During this time he built up an important research organiza tion for his firm, and his name is particularly associated with the development of the austenitic stainless steels containing nickel and chromium, the properties of which he studied with great thoroughness. The Iron and Steel Industrial Research Council grew from a group of research committees which, under Hatfield's chair manship, sponsored a large and important body of researches on ingots, alloy steels, corrosion, and allied subjects. The success of these investigations, recorded in a long series of published papers, was largely due to the stimulus given by the chairman. During the war, as chairman of the Technical Advisory Committee on Special Alloy Steels, he was instrumental in bringing about a reduction of the large number of specifications for such steels to a selected short list, and thus saving quantities of valuable alloys and simplifying the task of the producers of armaments. The strain of these additional efforts, and of a recent visit to America as one of a metallurgical mission, probably told on his health, so that he died early. He was elected a Fellow in 1935.
Clive Ctjthbertson was born in Shanghai and passed his early years in China, Burma and Australia with his father, a merchant and banker. In 1878 he went to Glenalmond and passed into the Indian Civil Service, pro ceeding to Bengal in 1885. Here he developed tuberculosis and he had to retire in 1896. After two years as an invalid he became interested in science and attended a course at University College, London, with the intention of taking up research. He had observed a singular relation in the values of the refractivities of the inert gases. Following this up, he completed the work on elementary gases and vapours and established an important relation connecting the refractivities of the elements. Most of his work was published in the Proceedings and Transactions of the Society.
He was at one time (1900) (1901) (1902) Edward Bagnall P oulton ) studied zoology at Oxford under Rolleston; and under Moseley's influence took up morphological studies which resulted in the publication in 1888 of the discovery of true teeth in Ornithorhynchus. Attracted by Weismann's essays on heredity, he took up the study of the coloration of insects, and his book, The Colours of Animals (1890), contained the first comprehensive classification of all forms of coloration, with logical nomen clature for them. I t brought him to the front rank of evolutionists. Throughout his life he vehemently supported the theory of natural selection, opposing the claims of saltation of the early mutationists. As Hope Professor of Zoology at Oxford, 1893-1933, he got together a band of naturalists, through whose field work, mainly in tropical Africa, an immense body of knowledge was published in notes and studies on all forms of coloration in insects, the prey of predators, courtship, polymorphism in butterflies and their geographical races.
He was elected Fellow of the Royal Society in 1889 and received the Darwin Medal in 1914.
He presided over the second International Entomological Congress at Oxford in 1912, the Linnean Society 1912-1916, received the Linnean medal in 1922, and was thrice president of the Entomological Society, the last occasion being at the centenary meeting in 1933, when it became a Royal Society. He was knighted in 1935.
Awards of M e, 1943
The Copley Medal is awarded to Sir J oseph Barcroet, C.B.E., Emeritus Professor of Physiology in the University of Cambridge, and now the head of a research unit established there in Animal Physiology.
The researches on respiration and the respiratory function of the blood, in respect of which this highest of the distinctions in the Society's gift is awarded this year, have occupied a central position in Barcroft's life-work. Their record is one of steady purpose and unbroken progress over a period of some 45 years already. At Barcroft's own hands, and at those of the long and very dis tinguished succession of collaborators who have been associated with him, these researches have had many important extensions into neighbouring fields of biological enquiry; they have played a great part in a wide range of recent advances in physiological, biochemical and medical science throughout the world; and they have been an important factor in the creation of a scientific basis for the study of manifold human activities, of work and of play, in peace and in war.
As a newly graduated student at Cambridge, Barcroft seems to have seen already the significance of the problem to which he was thus to devote so many years of fruitful investigation, recognizing the respiratory function of the blood as a condition of the life and a measure of the metabolic activity of every part of the body of the higher animals. With a cumbrous equipment of pumps and their accessories, alone available for such determinations in those early days, he applied himself with great determination and ingenuity to a study of the changes of oxidative metabolism which accompany secretory activity in the salivary gland. From that beginning his researches grew and developed in logical sequence, including studies of oxidative metabolism in relation to specific activity in the kidneys, the fiver, the muscles and other organs, with various excursions to deal with corollaries from this central theme.
Early in the series came Barcroft's invention of a comparative manometric method, which effected a revolutionary simplification of the technical operations involved in obtaining the data required. The same method enabled him, in due course, to make his classical redeterminations of the relation between the pressure of oxygen and its combination with or release from blood or solutions of haemo globin, and of the effects of varying conditions on the graphs representing that relation. The principle of this method, as employed either in Barcroft's own original apparatus, or in the form which Warburg later introduced, has passed into standard use in every laboratory of functional biology throughout the world, for measuring rates of respiratory metabolism in surviving samples of living tissues and of various chemical changes due to artificial enzyme systems. Barcroft and his companions in research have used it, in expeditions which he led to Monte Rosa and to the Andes, to study the modifications of man's physiology by life at high altitudes and at low oxygen tensions, providing knowledge which to-day has an ever more urgent application to the problems of human flight; and in two suc cessive wars Barcroft himself has used the knowledge built up and the skill acquired in his peaceful researches to the direct aid of his country in its need.
Studies of the differences between the respiratory functions of the blood in foetal and independent life led Barcroft, with a characteristic readiness to follow the lead of natural interest into a neighbouring field of enquiry, to a more general study of the physiology of the mammalian foetus, and thus to the results which he reviewed here in the Croonian Lecture of 1935 on 'Foetal respiration'. His need, for that purpose, to make observations on larger animal types, such as the sheep, led again to a wider interest in the physiology of our farm animals, and so to the new enterprise for which his more recent research appointment provides welcome opportunity.
In a preface to his book, Joseph Barcroft finds a connexion between what he learned in sailing boats and what he has done in research. We may think of him, perhaps, as one whose instinct and aptitude have led him to venture as an explorer beyond visible horizons, rather than to sound remoter depths of theory in seas already known. Such a thought would place him in a lotig tradition of this Society, in company with such great students of the respiratory function as Boyle, Hooke, Mayow and Lower among our earliest Fellows, and, of those who over the centuries have received this Copley Medal, with Stephen Hales and Joseph Priestley and, most intimately of all, with John Scott Haldane who received it nine years ago. Bar croft's work, like Haldane's, of high scientific merit in itself, has extended its influence far beyond the laboratory over a wide range of the beneficent and creative activities of mankind at peace, and now again, for the last time let us hope, to those imposed by the dire compulsion of war. We rejoice to know that in him the hunger for knowledge is still unsatisfied, and that he is still sailing his craft towards new horizons.
A R oyal Medal is awarded to Sir Harold Spencer Jones, Astronomer Royal for England, in recognition of his determination of the solar parallax and of other fundamental astronomical constants.
Much of the earlier work of Spencer Jones was devoted to the discussion of certain fundamental astronomical* constants, and in this field of work he had long been recognized as a leading authority. At the meeting of the Inter national Union held at Leyden in 1928, a Solar Parallax Commission was appointed, with Spencer Jones as President, in preparation for the favourable opposition of the minor planet Eros in 1931.
The planning and coordination of the enterprise of redetermining the solar parallax, in which 24 observatories took part, fell mainly upon him, and he was entirely responsible for the assemblage of the material, and for the derivation of the results. I t is to be noted also that the Cape Observatory, of which he was then director, made.the greatest contribution to the observational material.
The circumstances of the opposition favoured southern observatories, and the plates obtained at the Cape contributed more weight than those from all the other observatories combined.
The whole task of reduction of the observations was carried out under Spencer Jones's supervision, and the memoir which contains the complete discussion of the material and the results obtained from it (Mem. Astron. Soc. 1941, vol. 66 , part 2) is a masterly exposition of the whole subject of the investigation of solar parallax and of the inter-related constants.
The solar parallax finally derived is given as 8*790 ±0*001, as compared with the value of 8*806 + 0*004 obtained by A. R. Hinks at the preceding opposition of Eros in 1900-1. Spencer Jones found complete agreement between the results derived separately from northern and southern observatories, or from right ascensions and declinations separately, or from photographic and photoVisual telescopes, or from primary and secondary stars, as well as from four successive periods of time during the opposition. No matter how the material was sub divided, no substantial difference could be found in the value of the solar parallax derived. There is thus every reason to think that systematic error has been eliminated, and that the probable error of 0*001 truly represents the high degree of accuracy of the final result. Therewith we are given a new estimate of the earth's distance from the sun, which is likely to stand without revision for many years. These observations on Eros also yielded a new estimate of the mass of the moon, which has less than half the probable error of the previous determination.
The modification of the previously accepted value of the solar parallax affects the estimates of other astronomical and geophysical constants. Spencer Jones's work is enhanced by his discussion and general adjustment of the values of all these inter-related constants, and in this he makes a substantial new contribution to the problem to which so much of his earlier work was devoted.
A R oyal Medal is awarded to Dr E. B. Bailey, M.C., the present Director of the Geological Survey of Great Britain, in recognition of his contributions to the knowledge of mountain structure and his studies on the tectonics of vulcanism.
The number, range, and importance of Bailey's contributions to geology can have few parallels in the history of this science in Britain. It is only necessary to review his major publications to recognize the solid achievements that stand to his credit in the diverse fields of petrography, tectonics, stratigraphy, glaciology and physiography. But it is more particularly by his outstanding contributions to the knowledge of mountain structure and on the tectonics of vulcanism that he is to-day acknowledged internationally as a leader.
His work on mountain structure is contained in a long series of memoirs on the non-fossiliferous schists of the Southern Highlands of Scotland. These studies, prosecuted far across country and presented in a brilliant synthesis of the structure over a large part of the south-west and central Grampians, mark a great advance in the field of mountain tectonics and have provided a notable stimulus to research on Highland geology.
Bailey's now classic researches undertaken in conjunction with Clough and Maufe on the Devonian volcanic cauldron subsidence of Glen Coe, and his early work on the petrology and classification of the Carboniferous'volcanic rocks of the Midland valley of Scotland, were stepping stones to the immense task which he set himself in later years in the island of Mull. It is these investigations which have revolutionized our knowledge of the inner structure of British volcanoes ; for to them we owe the recognition of ring dykes and ring complexes and the conception of igneous intrusion by ring fracture stoping.
Bailey's insatiable zest for scientific research has led him into other fields, and among notable contributions to Scottish geology must be reckoned the work he carried out with Kendall on the glaciation of East Lothian and the additions he made to the knowledge of the physical geography of Millstone Grit, Kimmeridgian and Cretaceous times. Farther afield his studies have dwelt on the tectonics of the Pennsylvania ^Piedmont and on the seismic origin of submarine canyons of the continental slope: in relation thereto he has shown the importance to be ascribed to submarine landslips in the past record of the rocks, notably in the Palaeozoic succession of Quebec.
Throughout a long and active career Bailey by his enthusiasm, his powers of observation and his interpretative insight has rendered splendid service to the science of Geology and his record of achievement is unsurpassed among living British geologists. -The Davy Medal is awarded to Professor I. M. H eilbron, D.S.O., in recognition of his many notable contributions to organic chemistry, especially to the chemistry of natural products of physiological importance.
After some early researches dealing with the chemistry of the coumarins, chromanes and benzopyrylium salts, Heilbron made his first really important contribution by his well-known investigation on the remarkable hydrocarbon, squalene, which occurs ill certain fish oils. Almost simultaneously he established the structures of batyl and selachyl alcohols. His interest in fish oils being thus aroused he next turned his attention to vitamin A. He attacked this problem in the first instance by the use of the spectrograph with the collaboration of Morton, who was thereby led to develop methods for the quantitative estimation of this vitamin which have since proved invaluable. Heilbron's contribution to the chemistry of vitamin A earned him an international reputation, and later led to the recognition of vitamin A2. He has attacked also the difficult problem of the synthesis of vitamin A and, although it has not yet reached its objective, his work in this direction has raised many points of great interest and importance. Heilbron has also made notable contributions to our knowledge of the sterols and triter-penes. In this field, following pioneering work on the structure of ergosterol, he provided an elegant proof of the structure of vitamin D2 (calciferol) and has elucidated the structures of lumisterol, fucosterol and, more recently, zymosterol. In the triterpene field his most notable contribution has been his discovery of the key alcohol, basseol, which, in view of its facile conversion into /?-amyrin, seems likely to play a significant role in the classification of triterpene chemistry.
The outbreak of war interrupted Heilbron's projected study of the lipochromes and sterols of the algal classes, a study likely to be of importance not only to the chemist but also to the botanist, for whom it may provide a new basis of classification. A resume of this work formed the subject of a Hugo Muller lecture to the Chemical Society. British chemists are indebted to Heilbron more than to any other chemist for the introduction into this country of the most refined new techniques. He has used extensively in his researches chromatographic absorption, microanalysis and high vacuum distillation, whilst he was probably the first to recognize the potentialities of absorption spectra as a research tool. His influence has thus spread far beyond the circle of the many research chemists trained in his laboratories.
The Sylvester Medal is awarded to Professor J. E. Littlewood in recognition of his mathematical discoveries.
Among mathematicians the name of Littlewood will always be associated with that of G. H. Hardy for the wonderful example of perfect teamwork in their fashioning of a new and rare instrument of mathematical precision during the second and third decades of the twentieth century. Into the theory of numbers, that subject where problems are so easy to state but so hard to prove, an entirely new spirit was infused when the methods of analysis were brought to bear upon it. The credit for attaining the highest results, for perfecting the methods, and for inspiring an enthusiastic following among so many of the ablest mathematicians at home and abroad, all belongs to Hardy and to Littlewood. Littlewood, who is by age the junior in this remarkable partnership, brought his own magnificent contribution as Hardy himself has wholeheartedly testified. Littlewood, on Hardy's own estimate, is the finest mathematician he has ever known. He was the man most likely to storm and smash a really deep and formidable problem: there was no one else who could command such a combination of insight, technique, and power.
Littlewood's work covers a wide field of pure mathematics, extending from his fundamental discoveries in the realm of integral functions (1908) up to the present date. It was a happy event when Ramanujan, with his intuitive genius, proposed problems that brought out the fullest powers and skill of Littlewood and Hardy and their analytical theories. We can have no doubt that there is a peculiar fitness in the immediate succession of Littlewood to Hardy in this triennial award of our Sylvester Medal for mathematical research.
The Hughes Medal is awarded to Professor M. L. E. Oliphant in recognition of his work in nuclear physics and mastery of modem methods of generating and applying high potentials.
Ofiphant, initially under the general guidance of Rutherford, has made funda mental advances in the field of nuclear disintegration. With the aid of specially designed apparatus he has produced intense beams of protons and of the nuclei of heavy hydrogen, with homogeneous energy, the study of the reactions of which with fight nuclei has proved very fruitful. The intensity of the beam, which Ofiphant has obtained, has allowed effects to be produced at much lower voltages than had hitherto been available. The theoretically important disrup tion of the lithium nucleus has been investigated with particular care. In this connexion a separation of the two lithium isotopes was first effected, so that they could be separately studied, with a consequent greater certainty as to the reactions. ' In Ofiphant's researches the energy liberated in certain nuclear reactions has been measured to a remarkably high degree of accuracy and the laws of con servation of mass-energy and of momentum have been verified. This is a matter of great importance for the understanding of nuclear reactions, and has also enabled the masses of the fight atoms to be calculated very precisely.
As a result of work carried out by Ofiphant with Harteck, on the bombardment of the nuclei of heavy hydrogen with like nuclei, two new fight isotopes have been discovered, one of hydrogen and one of helium, both of mass number 3. The nuclear reactions of beryllium and of boron have also been carefully investigated.
In the published accounts of the work Ofiphant's name has often been associated with that of others, including Rutherford, but there is no doubt that he was responsible for the very specialized experimental technique, as well as for other contributions to the collaborative enterprise.
Ofiphant has been particularly successful in the design of apparatus. Besides that required for the researches to which reference has been made, he has been responsible for the development of the two-million volt installation at Cambridge. During the war he has successfully carried out work of great importance. TTfs fine record of achievement is fittingly recognized by the award of the Hughes Medal for 'original discovery in the Physical Sciences, particularly electricity and magnetism or their applications'. sultation on scientific matters, and in particular to advise on scientific and in dustrial research in relation to measures of post-war reconstruction, and on the co-ordination of such plans in India with corresponding activities here and else where. We felt that our proper response to such an invitation was to let India have a man of the highest qualification from our own Fellowship; and I feel confident that the Fellows will approve of our action in releasing for the necessary period our Senior Secretary, who is also one of our Research Professors, to enable him to accept this important mission. I ask you, further, to send from this meeting a message to Professor Hill of good wishes for the full success of his undertaking, and of hope that one of its results will be to strengthen the bonds of understanding and true comradeship between our Indian colleagues and the men of science of this country. In that connexion I ought further to report to you a step which I have taken, with the approval of the Council, and for which I have not found any precedent in our records. It was brought to my notice that, of the six distinguished Indian men of science who are at present on the roll of our Fellows, only two have hitherto been able to present themselves here in order to subscribe the obligation in our Charter Book and to be admitted according to the statute. It seems certain that the war will create still further difficulty and delay for the attendance here of the other four, and I have accordingly commissioned Professor Hill to take with him to India a sheet of suitable parchment on which the Fellows' obligation is inscribed, and on which signatures can be taken for eventual incorporation in the appropriate page of the Charter Book, unless opportunity should earlier present itself for our colleagues to visit us here and sign directly in the book itself. I have nominated Professor Hill as a Vice-President and, under Statute 42, have deputed him to perform on my behalf our simple ceremony of admission. We hope that he may be able to do this at the meeting of the Indian Science Congress. It seems fitting to take this unusual opportunity thus to complete the reception into the circle of our Fellowship of all the Indian men of science whom the Society has elected, During Professor Hill's absence the Council have invited Dr Salisbury to act as Biological Secretary, and we are grateful to him for consenting to give us this help in the emergency.
Last year we devoted this Anniversary Meeting to a simple celebration such as the war conditions allowed of the three hundredth anniversary of the birth of Isaac Newton. We have noted with appreciative interest that other countries also marked the tercentenary year by paying homage to our Newton's memory. Particular mention is due to the commemorative meetings held, under the tremendous stress of war, not only by the Moscow Academy of Sciences, but also in a number of other scientific centres of Soviet Russia, one as far away as Novo-Sibirsk. The Council's Report mentions the gift which we have sent to the Soviet Academy of Sciences of Moscow, in recognition of this union with our colleagues of Soviet Russia in commemorating one of the greatest scientific achievements of all time, as in the present devotion of all that science can give, in both our countries, to the winning of this war for freedom.
Not since 1941 have I addressed the Society from this Chair, at its Anniversary Meeting, according to regular custom. Only a week after we met here in 1941, the United States of America had become our ally; less than a year later came a turningpoint of the war, with Stalingrad and El Alamein; and now the end seems no longer to be in doubt, though we cannot tell how long it may be in coming. I think that it is proper now to claim for science its due share in the achievements which have created the present prospect, in such vivid contrast with that of two years ago. Science in the countries of our great alliance has been devoted without reserve during these two years to the'winning of the war; in this country it had been so already for the two years which preceded them. No longer are the allies straining now to overtake a lead gained by the enemy in years of stealthy preparation; the lead is rather on our side. If such things could be weighed and measured, I believe that we should find the alliance to be as far ahead of our enemy in the present voluine of our united war researches, and in the brain power of the highest class now concentrated upon them, as in the more readily ponderable output of war material by our industries. And no more than our armed forces or our factories can science afford to relax or to divide its effort until the total victory has been won, without which we can have no faith in the world's future. The increasing certainty of the end, however, imposes upon us with a growing urgency the duty of looking also to that future,* and to the part which science must play in the nation and the world when peace returns.
From different influential quarters, as from the Parliamentary and Scientific Committee and from the Federation of British Industries, we have had important pronouncements on the urgent need for national enterprise and national spending on higher education in science and technology, and on the encouragement of research in the applications of science to industry. No body of scientific men will need arguments to convince them that we must think in such matters on a scale, not merely larger, but of a higher order than any with which we have hitherto been familiar. Before the last war Germany had led the world in such development, and between the wars we saw the United States of America move swiftly into the lead. Soviet Russia, starting with a background almost bare of such organization, and with a population largely illiterate, but with leaders having a clear vision of what science was to mean for the modern world, has now shown us what a miracle of scientific education and technical development can be wrought in a quarter of a century. Can it be doubted that another great ally, China, when freed from her long agony of war, will rapidly establish her claim also to high rank among the great nations of the world now in the making? Surely it is clear that, if we are to hold our proper place alongside such great new civilizations, built right from their foundations on modem science, we must ourselves face the problem of giving to science its proper place in the fabric of our own, without grudging or hesitation.
We of the Royal Society shall certainly give enthusiastic endorsement to any movement in that direction. From its beginning to the present day our Society has always taken a lively interest in the applications of science to the general enrich ment of human life, and the enlargement of the means of human happiness. One of the expressed objects of the extension, in recent years, of the number annually elected into our Fellowship, was the maintenance of that interest, under the grow ing pressure for recognition of achievements in the more fundamental and academic ranges of science. We shall certainly welcome, then, and join in advocating a great expansion of the nation's support of applied science, whether through the Govern ment's Research Councils concerned with researches bearing on industry, medicine and agriculture, or through departments concerned with the uses of science for defensive preparations in peace time and for other national interests, or with the training of recruits for research by grants of public money to the Universities. I think that it can properly be claimed that we knew here, even before the belief attracted a wider support and conviction, that a modern nation, as certainly as a well-organized modern industry, depends for success upon generous and far-seeing expenditure on scientific research and on the recruitment of first-rate ability to its service, and risks failure and disaster by parsimony and a narrow vision of its responsibilities in these directions.
The response of our national scientific reserves to the demands of war might suggest that our national deficiency hitherto has been chiefly in provision for the applications of science, and that fundamental researches in this country have lacked less in opportunity and encouragement. Here too, however, if we make comparison with other countries, I think that we shall be obliged to conclude that our discoverers, as great as any, in a world era of great discovery, have often had to do their work in spite of a paucity of equipment and accommodation which would hardly have been conceivable elsewhere. That is a difficulty and a disparity which, unless some action is taken, will certainly increase with the growing demands of fundamental researches for elaborate and costly items of equipment. Recent dis coveries have made such items available and necessary, at a rate which the war-time concentration of research will even have accelerated. Money to procure and to instal them will become ever more essential to work on the general front of scientific progress. The Society's Council, having considered a Memorandum by certain of its Fellows on the prospective needs of fundamental researches in physics, have already appointed a Committee to consider the position in detail. It seems unlikely that other departments of fundamental science, when news of this decision reaches their representatives, will wish the Society to assume that the needs of physics, even if more obvious than some others, are unique in their importance and urgency. With so many interests and authorities now directly concerned for applied science, we can hardly doubt, indeed, that it is to-day a primary duty and mission of the Royal Society, as of the related Societies having more special and restricted aims in science, to aid and to encourage researches which seek the advancement of knowledge without immediate reference to its use, though with a clear conviction that such progress is often a necessary condition of practical advance, or even the most direct way towards it. Care for the practical fruits of the tree of knowledge was never, indeed, so urgent as to-day; but the tree will wither unless we take care also that the roots have nourishment and room for spreading.
The mention of this last necessity brings me to the problem of the need of the Royal Society, and the more pressing need of one, at least, of our neighbour societies here, for accommodation more worthy of their national importance. The matter has more than once been under discussion in the past, and has recently been a m atter of renewed concern to the Society's officers. With the efficient help of our Assistant Secretary, Mr Griffith Davies, we have been making, in this connexion, a survey of the records dealing with the different homes of the Royal Society, from its foundation down to recent years. I think that on another occasion, when more time is available, the Society may like to hear a review in greater detail of this aspect of our history, which has many points of interest. To-day the mention of a few of these must suffice.
The meeting room of the Royal Society in Somerset House
Early in our career the interest of the Crown in the Society, and perhaps a recognition of a duty to provide accommodation for it, were signified by King Charles the Second's grant of Chelsea College and its estates, as set forth in our third Charter of 1669. The property proved, alas, for various reasons, to be much more a burden than an asset, and Christopher Wren, in 1682, with the Council's approval and recorded gratitude, sold it back to the King for £1300. Meanwhile an opportunity for the Society to acquire a house of its own, built to the designs of Hooke and Wren, on a piece of land granted by Henry Howard from the grounds of science far in advance of his time, privately urged the five scientific societies to press their claim to the site. I t had been understood, indeed, that the primary intention of the Government in buying Burlington House had been to provide accommodation for the learned societies. Lord Wrottesley, then our President, personally canvassed the Government, making it clear 'that the desire of the chartered societies for juxtaposition and for the Burlington House site was unabated'. Failing that, he indicated, they would be glad to be lodged in the buildings then occupied by the Royal Academy, that is, in what is now the National Gallery. The existence of a rival claim had become clear, and had, indeed, been men tioned to the Royal Society by the Prince Consort. It appears that the Government had already made some kind of commitment to the Royal Academy, so far as the Burlington House in 1868 mansion of Burlington House was concerned. It would take much too long to discuss even what is known of the rival lobbyings of those days. It must suffice for this occasion to recall the results, and to lament the fact that a magnificent oppor tunity was lost, which would have given London a scientific centre worthy of the nation's achievement. We cannot blame our predecessors, who probably did all that was possible; nor can we grudge their success to our friends of the Royal Academy, who are in no way to blame for taking what was offered to them. If the Government, indeed, had then used Burlington House and its grounds to discharge only these two of the obligations to which they were to some degree committed, the needs both of the scientific societies and of the Royal Academy could still have been handsomely met, and adequate scope for future development could have been ensured to both. The mansion itself with the wings of this front courtyard, already scheduled for rebuilding, could, for example, have been allotted to one, while the other of the two claimants could have had a new building, with frontage at the north end of the gardens, and ample spacfe for extension southwards over them, to meet increasing needs and new developments (see plan, page 24). The Government, however, used Burlington House first to satisfy a third obligation which it had accepted, to house the University of London, then only a degree-giving body requiring space chiefly for the periodical examination of large numbers of candidates. Then in 1858, the continued pressure of the scientific societies and the Government's own desire to recover the rooms in Somerset House, led them to offer the use of Burlington House to the Royal Society, subject to the condition that for the time, and pending rebuilding on the sites round this courtyard, the Linnaean and Chemical Societies should be accommodated with us in the mansion, and that the University of London should still be able to use the large rooms in it for examinations. I t is curious to reflect that this temporary arrangement gave to the Royal Society and its associates their only opportunity, to this day, even to share the use of a room suitable for a meeting of more than very modest dimensions. In old Burlington House, then, we were established, and were to remain there with the Chemical and Linnaean Societies for some fifteen years; and an appearance of stability had at first been given to our occupancy by the mention of plans to build a new examination hall for the University *of London on the western side of this quadrangle, and to allow the Royal Society to use this also for large meetings and for its gallery of portraits. Two later developments, however, dispelled any such hopes. In 1867 evidence came to the Society, first through a statement in The Times, that the Government had decided, after all, to give the Royal Academy a permanent lease of Burlington House and the right to extend northwards by building over its gardens. At about the same time, and presumably in fulfilment of another commitment, the large building which now fronts on to Burlington Gardens was begun, to accommodate the University of London and its examina tions, and was opened by Queen Victoria in 1870.
The scientific societies were not, indeed, to be homeless; but the only possibility now left was to accommodate them in the buildings planned to be erected round this front courtyard, where they have been ever since. The total space thus offered did, indeed, allow more room to each of the societies than it had previously en joyed, even after the Society of Antiquaries, at the Royal Society's instance, had been included in the scheme. But the space now available could not easily be planned for the sharing of meeting rooms and general facilities, or for a central federation of the libraries, or for any of the features of the earlier plan which would have enabled the societies to function as independent members of a real scientific community. The scheme had an even more fatal defect. The plans were made on the assumption that the societies existing in the 1860's, with their respective dimensions and requirements at that date, would provide a pattern of the needs of science for all time, or at least for the life of buildings designed to mid-Victorian standards of permanence. Each of these societies, therefore, with the approval of our own we must admit, presented its separate claim and had it embodied in the solidity of the buildings we still inhabit, filling the available space completely and precluding any later expansion, rearrangement, or new admission to the circle thus finally closed. Societies which have changed but little in numbers or activities may have had little reason, even yet, to complain of the accommodation which they then acquired. For others the allotment, which had been regarded then as satisfying future needs for half a century at least, .became obviously inadequate very much earlier.
In 1900 came news that the large building on the Burlington Gardens frontage was to be vacated by London University, and tentative inquiry was immediately made as to the possibility of allotting it to the Royal Society, on the ground that
24
Anniversary Address by Sir Henry Dale
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'the present rooms occupied by the Society were rapidly becoming inadequate'. The Government, however, had already decided to transfer the building to their Civil Service Commissioners, and it has continued to be dedicated to its original use for large-scale examinations, save for the later assignment of certain rooms in it to our much younger sister, the British Academy. It will be noted that the Royal Society was finding its quarters here inadequate as early as 1900, twenty-seven years after it entered them, and before there was even any prospect of the great expansion of its responsibilities and activities in recent years. Our accommodation is still the same to-day, after seventy years. Our walls cannot find room to hang our important collection of scientific portraits, and our great library is badly over crowded, even though we have parted with some of it to give better housing, for a time, to the remainder; and it continues, of course, to grow. Library pressure, in fact, is felt to varying degrees by all the societies here; and I think that it is still true, as some of our predecessors saw already in the 1850's, that no scheme will be able to deal with this problem efficiently, and to meet modern needs without disturbing historic associations, which does not include some kind of central co-ordination of libraries. The lack of a lecture or conference room, available in common for larger meetings, and well equipped with modern resources for projec tion and demonstration, is another acutely felt need. There are greater needs and anomalies, however, than any of'these common ones. Of all the societies here the Chemical Society, which was originally satisfied with the poorest allotment of rooms, has undergone the greatest expansion. In the 1860's it had a membership of some 450; it now has about 5000. Its library, of great importance to all workers in chemistry, whether fundamental or applied, has so burst the bounds of its accommodation, that a part of it is deposited in the crypt of a neighbouring church; and the Chemical Society's meeting room is in every way unsuitable, and inadequate to the meanest conception of the regular needs of a society of its standing and numbers. Apparently our predecessors of the 1870's did not see much future for chemistry. On the same evidence, they did not foresee any future for physics at all. The Physical Society did not then exist; by the time it was born there was no room for its admission, and the State has never offered it a home. The same is. true of other societies formed later to deal with functional aspects of biology and other new fields of knowledge. For most of their meetings these newer societies use and need the facilities available in academic and research institutions. A national centre of science, however, should be capable of progressive adjustment to changing needs, and we ought to be able to make new admissions, on a varying scale of allotment, to the central community of societies. What then should we be doing to deal with the situation? Actions and decisions long past have imposed it upon us, and regrets and repinings over an opportunity lost more than seventy years ago will not help us to-day. We must admit, too, that our present quarters, with all their defects of elasticity, have provided a combina tion of central position with freedom from noise of traffic which might be hard to find again. Let me say, then, that the Royal Society's officers, having consulted with the officers of other societies here, and particularly of those whose needs are urgent or whose interests might be directly concerned, have not yet abandoned the attempt to find a solution which would not involve the removal of any from the Burlington House estate. If we fail in that direction-and there is no ground for optimism-the problem will remain, and the time is not one for neglect or post ponement of action. On all hands we hear talk of reconstruction and see plans for the rebuilding of London. We cannot expect another Christopher Wren-one of our original Fellows and a leader in the science of his day, before he became its greatest architect; London missed that opportunity. It is natural and proper for the plans now being presented to make spacious and impressive provision in the new London for opera, drama, music and all the fine arts; and we shall surely join in a general welcome to any practicable scheme which can open the doors more widely to such cultural privileges, and enhance their dignity and worth in the eyes of London and of the nation. But I do not think that we must stand by and allow the claims of science again to go by default. A fear of overstatement, a passion for critical accuracy which is a part of the very spirit of science, may make us reluctant advocates. If necessary, however, we must be ready to remind all who may be concerned of the part which the British scientific effort has played, in making it possible now to plan at all, with confidence, for our own civic and national reconstruction. But for science, we may remind them, the very different plans which our enemies were so recently making for our future might already be taking effect. I have no doubt that the claim will be handsomely admitted; but we ought not to be too easily appeased with compli ments and oratorical bouquets. The nation's opportunity, when peace returns, of enjoying the arts and the amenities of life will be dependent on its standards of health and prosperity, and these, in turn, ever more directly on science and its applications, as certainly as these are still needed to secure our national survival and victory in this war.
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This ancient Royal Society of London, and those societies which have grown from it and round it in later years, constitute a scientific organism which is a national and imperial heritage, second to none in the world's esteem. Here are the roots of the spreading tree of science and technology, which should form a major component of our national contribution to the new world now in the making. Seventy years ago these roots were given only enough soil for the replanting then undertaken; they have long been badly pot-bound, and some parts of the root system are threatened with strangulation, while others have appeared outside the pot. We can properly claim, I think, that the progressive needs of our scientific societies shall be given early consideration in any new allotment which plans for reconstruction may allow. We ought to have a scientific centre permitting them to co-ordinate their acti vities with economy, and giving room for change, expansion and organic growth by budding and division, in accordance with nature's law. I think that we have the further right to expect that the home of science, in this capital city, will have a dignity symbolizing its value to the nation and the empire, and enabling us to hold up our heads in the company of other countries, whose scientific academies, not more famous than ours, have so long been housed more worthily, and with a more generous recog nition of their due place in an enlightened people's scale of cultural values.
